Abstract Hypertension is common in children with chronic kidney disease and early evidence suggests that it is a modifiable risk factor for renal and cardiovascular outcomes.
Introduction
Hypertension is common in children with chronic kidney disease (CKD) and end-stage renal disease. In the CKD population, prevalence rates vary from 48 to 54 % from registry data and cohort studies [1, 2] . Hypertension is a known independent risk factor for renal disease progression in children [1, 3, 4] . It is also a risk factor for left ventricular hypertrophy and increased carotid intima-media thickness in children with CKD [5] [6] [7] [8] . There is even early evidence that treatment of hypertension can slow renal progression and reverse cardiovascular changes [4, 6, 9] . With mounting evidence that hypertension is a modifiable risk factor, it is important that we measure blood pressure, and diagnose and treat hypertension to prevent renal and cardiovascular consequences. Unfortunately, when we look for guidance on methods and goals from clinical practice guidelines, some of the recommendations are conflicting, especially where evidence is lacking.
The Institute of Medicine recognizes the importance of trustworthy clinical practice guidelines in physicians making informed decisions on patient care [10] . They have developed best practice standards to ensure high-quality recommendations (Table 1) [11] . Emphasis is placed on evaluating the quality of evidence through a systematic review and clearly reporting the strength of evidence behind the recommendation. The goal of a reliable clinical practice guideline is to optimize patient care and outcomes based on an evaluation of the potential benefits and harms of management options. The recommendations are intended for a specific clinical circumstance, not for generalizing, and are suggestions, not rules.
Recommendations for blood pressure management in children with CKD have been included in various guidelines. The 4th Task Force Report and the European Society of Hypertension (ESH) provide recommendations on general blood pressure management in pediatrics with comments about special populations including children with CKD [12, 13] . The Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents commissioned by the National Institutes of Health was published in 2004 [12] . This guideline reviewed new evidence that has arisen since the previously published report, Update on the Task Force Report, and included additional normative blood pressure data [14] . In 2009 ESH published guidelines on the Management of High Blood Pressure in Children and Adolescents [13] . Similar to the 4th Task Force Report, the guideline focus is general pediatric blood pressure management, with limited statements with regard to patients with renal disease ( Table 2) .
The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/DOQI) developed guidelines for nondialysis CKD in an effort to encourage early intervention of modifiable risk factors in patients with CKD. With increasing evidence that hypertension was related to a more rapid decline in renal function in addition to early cardiovascular morbidity and mortality in adult CKD patients, they convened a working group and developed the Clinical Practice Guidelines on Hypertension and Antihypertensive Agents in Chronic Kidney Disease [15] . The Work Group systematically reviewed the literature and incorporated an evidence grading system from A (strongest evidence) to C (weakest evidence) [15] . Guideline 13 is specifically for children with CKD, from birth through 18 years of age (Table 3) .
The goal of Kidney Disease: Improving Global Outcomes (KDIGO) is to develop international evidence-based medicine clinical practice guidelines to improve patient care around the world. In 2012 they published a Clinical Practice Guideline for the Management of Blood Pressure in Chronic Kidney Disease [16] . They utilized a scoring system to evaluate the quality of evidence called the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system, which is described in detail within the document [16] . In summary, each statement is given a strength of recommendation as level 1 (Bwe recommend^) or level 2 (Bwe suggest^) and quality of evidence letter from A (high) to D (very low). Within this guideline, no statements, pediatric or adult, were given a grade A recommendation and 19 % of statements were not graded where evidence was not available [16] . Chapter 6 [15] provides recommendations for blood pressure management in children with CKD, from birth through 18 years of age (Table 4) . In this article, each guideline is reviewed with regard to the recommended method of blood pressure assessment, target blood pressure, and first-line antihypertensive medications. A review of the evidence behind the recommendations clarifies the strength of the evidence and illustrates the importance of reading the details behind the summary statements.
Method of blood pressure measurement
The first K/DOQI recommendation is that blood pressure should be measured with appropriately sized equipment based on evidence that the measurement technique is important for accurate readings [14] . The recommended method of blood pressure measurement is by auscultation in the 4th Task Force Report and the K/DOQI and KDIGO guidelines ( Table 5 ). The K/DOQI Work Group recognized that 24-h ambulatory blood pressure monitoring (ABPM) seemed to correlate better with end organ damage, but stated that there was insufficient evidence for its routine use [15] . The KDIGO authors state that ABPM is useful in children with CKD, but suggest that there might be insufficient evidence for routine recommendation and that the technology is not universally available [16] .
The strength of evidence for use of ABPM in children with CKD is mounting. Early ABPM studies demonstrated blood pressure abnormalities and distorted circadian blood pressure rhythms in children with kidney disease [17] . Further studies have confirmed blood pressure abnormalities only identifiable with ABPM, including nocturnal hypertension, night-time nondipping, and masked hypertension [18] [19] [20] [21] . ABPM shows improved consistency and reproducibility of blood pressure readings in children [22, 23] . Even end-organ damage, evaluated by left ventricular mass, correlates more closely with ABPM than clinic blood pressure measurements [20, 24] .
The ESH guideline recommends blood pressure measurement by auscultation for the general pediatric patient, but 24-h ABPM for children with CKD [13] . So why is there a discrepancy between guidelines? Part of the answer may lie in timing, as an essential trial on blood pressure management in children with CKD using ABPM, the ESCAPE trial, was published in 2009, after the 4th Task Force Report and K/DOQI guidelines [4] . The other contributing factor is the feasibility of programs to provide routine ABPM. In Europe, during the ESCAPE trial, almost 400 children across 13 countries, at 33 nephrology centers, performed ABPM every 6 months for 5 years, demonstrating well-established programs for ABPM. The KDIGO recommendations are intended to be global and are cautious with regard to ABPM, which may not be available in all countries. This could create inequality where centers without ABPM programs would be unable to meet standards.
Normative references
All guidelines recognize that clinic blood pressure measurement by auscultation should be compared with the most up-todate Task Force blood pressure tables according to gender, age, and height percentile. Observational and epidemiological data, in addition to previous Task Force guidelines, show that in children blood pressure increases with age and size [14, 25] . The 4th Task Force Report incorporated new National Health and Nutrition Examination Survey (NHANES) data into the revised blood pressure tables and identified the 50th, 90th, 95th, and 99th blood pressure percentiles. The reference values were determined by statistical analysis of blood pressure measurements of more than 60,000 children in the USA, with 54 % of Caucasian, 29 % of African-American, and 10 % of Hispanic ethnicity [12] .
The normative ABPM values referenced in the ESH guideline are the normalized ABPM tables from the German Working Group on Pediatric Hypertension [26] . Based on ABPM readings analyzed from almost 1,000 children, they include reference values for children taller than 120 cm. The standards are often criticized, as they are based solely on a Caucasian population, but are likely very applicable to many European countries. In general, guidelines recommend the best We suggest that in children with CKD ND (particularly those with proteinuria), blood pressure is lowered to consistently achieve systolic and diastolic readings less than or equal to the 50th percentile for age, sex, and height, unless achieving these targets is limited by signs or symptoms of hypotension (2D)
We suggest that an ARB or ACE-I be used in children with CKD ND in whom treatment with blood pressurelowering drugs is indicated, irrespective of the level of proteinuria (2D) 1C = we recommend that most patients should receive the course of action; quality of evidence is low; 2D = we suggest considering the course of action, but different choices will be appropriate for different patients; quality of evidence is very low
Reproduced with permission from KDIGO [16] CKD ND non-dialysis-dependent chronic kidney disease, ARB angiotensinreceptor blocker, ACE-I angiotensin-converting enzyme inhibitor normative reference available at the time of the publication, but clinicians with a patient in front of them need to consider if the reference is most fitting for their patient or if there are newer or local standards that would be more appropriate.
Blood pressure for initiation of treatment
The KDIGO clinical practice guideline is the first guideline to suggest a target for treatment initiation (Table 5) . They recommend the initiation of antihypertensive medication when the blood pressure is consistently above the 90th percentile for gender, age, and height ( Table 4 ). The authors refer to other guidelines, including the 4th Task Force Report, K/DOQI blood pressure guidelines, and the American Heart Association guideline on Cardiovascular Risk Reduction in High-Risk Pediatric Patients [12, 15, 27] . The recommended initiation target is an extrapolation of the treatment targets of the other guidelines. The KDIGO authors refer to evidence from the observational cohort CKiD study from an abstract showing that clinic blood pressure above the 90th percentile was associated with a more rapid progression of CKD compared with lower blood pressure, although results were not statistically significant [28] . In addition, unpublished data from the randomized controlled ESCAPE trial showed lower kidney survival when systolic or diastolic blood pressure was above the 90th percentile compared with lower blood pressure [16] . The KDIGO recommendation for treatment initiation at a blood pressure above the 90th percentile seems entirely reasonable, but from a strict evidence-based medicine point of view, is based on extrapolations from previous guidelines and preliminary and unpublished data.
Blood pressure treatment target
Both the 4th Task Force Report and the K/DOQI blood pressure guidelines recommend treating to a target of less than the 90th percentile blood pressure in children with CKD (Table 5) . Unfortunately, neither recommendation is based on strong evidence. Specifically, the 4th Task Force Report states that the treatment blood pressure goal should be less than the 95th percentile in otherwise healthy children, but less than the 90th percentile in children with CKD, diabetes, or target organ damage [12] . This recommendation comes from extrapolation from the adult JNC 7 report [29] . The K/DOQI recommendation is that the target blood pressure should be less than the 90th percentile or less than 130/80 mmHg, whichever is lower ( Table 3 ). The evidence for this statement comes from other guidelines; the Update on the Task Force Report, the British Renal Association guideline, and the adult K/DOQI recommendations [14, 15, 30] . Interestingly, the 1996 Update on the Task Force Report suggests targeting less than the 95th percentile in children with renal disease and the 90th percentile only in children with diabetes [14] . Even the adult section of the K/DOQI blood pressure guideline, which recommends a target of less than 130/80 mmHg, is based on the extrapolation of adult studies of patients with diabetes and congestive heart failure, with scant evidence in patients with CKD [15] . The guideline does recognize that there is insufficient information available on the optimal blood pressure target for children and adults with CKD. The ESH guideline target blood pressure recommendation is to aim for a mean arterial pressure (MAP) by ABPM of less than the 75th percentile in children with CKD, but if proteinuria is present, aim for less than the 50th percentile ( Table 2 ). The evidence behind the statement comes from one randomized controlled study, the ESCAPE trial, which was preliminary and not yet published at the time of this guideline [4] . The ESCAPE trial was designed to compare intensified blood pressure control (target<50th percentile) with conventional control (50th to 90th percentile) in children with CKD on a fixed dose of angiotensin-converting enzyme (ACE) inhibitor [4] . The outcome measure of CKD progression was defined as a 50 % reduction in estimated glomerular filtration rate (eGFR) by the Schwartz formula, eGFR less than 10 ml/ min/1.73 m 2 or a need for renal replacement therapy. Based on information from an abstract, patients who achieved a MAP less than the 75th percentile had improved renal survival compared with those who exceeded this target [13] . The lower target of the 50th percentile improved renal survival only in children with baseline proteinuria.
Further details of the ESCAPE trial are now available, with the final publication of the article [4] . What is learned is that the analysis was confounded by the fact that more than half of the patients in the conventional blood pressure group inadvertently reached the target for the intensified blood pressure group. A post-hoc analysis of achieved blood pressure showed a statistical and clinical improvement in renal survival by achieving a MAP below the 75th and 50th percentiles [4] . The benefits of intensified blood pressure control were seen in subgroups of children, including those with a baseline eGFR of <45 ml/min/1.73 m 2 , an annualized loss of eGFR of >3 ml per year before study entry, a baseline 24-h MAP above the 90th percentile, and proteinuria >1.5 mg/mg creatinine. A reduction in proteinuria of 50 % within the first 2 months of ACE inhibition was predictive of renal survival. This demonstrates that studies of clinical importance to potentially change practice should be critically reviewed to understand the details of what the study can show.
The blood pressure treatment target recommended by KDIGO for children with CKD is systolic and diastolic blood pressure less than the 50th percentile for gender, age, and height (Table 4 ). The primary evidence upon which this statement is based comes from the ESCAPE trial and the related ESH guideline recommendation [4, 13] . The issue with this target is that the European blood pressure targets are based on 24-h MAP by ABPM, which may or may not be equivalent to a 50th percentile clinical blood pressure, as recommended by the KDIGO guideline. Evidence based on clinical blood pressure targets comes only from an abstract from the CKiD study showing a slower rate of kidney disease progression with blood pressures below the 50th percentile compared with higher values [28] . The KDIGO recommendation does caution against aggressive achievement of the low blood pressure target in all children with CKD, as patients with polyuria or frequent dehydration episodes are more likely to develop hypotension and acute kidney injury [16] . They also comment that clinicians need to balance the risks of polypharmacy if blood pressure is difficult to control against the potential benefits of limiting kidney disease progression.
First-line antihypertensive medication
All of the clinical guidelines are in agreement in recommending ACE inhibitors or angiotensin-receptor blockers (ARBs) as first-line antihypertensive medications for children with CKD (Table 5 ). This is despite the limited strength of evidence available for their benefit in pediatric CKD. In the earliest guideline reviewed here, the 4th Task Force Report recommends use of ACE inhibitors in children with diabetes and albuminuria or renal diseases with proteinuria. These recommendations come from extrapolations from the adult JNC 7 report [29] .
The K/DOQI guideline suggests consideration of the child's age and underlying cause of CKD when choosing a class of antihypertensive medication (Table 3) . Many pharmacological studies and case series provide evidence that blood pressure medications in children need to be dose-adjusted based on age and size because of differences in metabolism and drug effects [14, 15, 31] . As the use of diuretics is common in adults with hypertension, the Work Group suggests that while diuretics may be appropriate in children with salt and water retention, they might not be advisable in children with a tubulopathy and salt-wasting, such as can occur with an obstructive uropathy or renal dysplasia [15, 30] . They suggest that ACE inhibitors or ARBs should be considered the first-line antihypertensive medications to slow the rate of progression of renal disease, although note that the supporting evidence is weak [15] . Four small nonrandomized trials showed that ACE inhibitors or ARBs could reduce proteinuria in children with renal disease [32] [33] [34] [35] . The studies were uncontrolled except for one small placebo cross-over study [33] . However, the Work Group cautions against the use of ACE inhibitors in neonates owing to the increased risk of side effects and in premature infants because of the importance of the renin-angiotensin system in normal renal development [36] [37] [38] .
The ESH guideline recommends the use of ACE inhibitors and ARBs as first-line antihypertensive medication in children with proteinuric and non-proteinuric CKD ( Table 2 ). The ESCA PE trial showed that patients who had a significant reduction in proteinuria on fixed-dose ACE inhibitor had less renal disease progression [4] . From a strict evidence-based medicine perspective, the trial was designed to compare blood pressure targets and all subjects received a fixed dose ACE inhibitor, so to conclude that proteinuria reduction (and ACE inhibitors) were responsible for better outcomes, this analysis would need to be adjusted for blood pressure achieved. Two additional small uncontrolled studies and one systematic review in children with CKD also showed reduction in hypertension and proteinuria, with agents blocking the renin-angiotensin system [39] [40] [41] . More importantly, while only a small study, one controlled trial, compared an ARB with a calcium channel blocker in children with CKD and found a similar reduction in blood pressure with both agents, but a greater reduction in proteinuria with the ARB [42] . The ESH authors caution against the use of combination ACE inhibitors and ARBs because of the adult ONTARGET study, where no benefit was shown for combination therapy over monotherapy, but combined therapy was associated with increased adverse events [43] .
Consistent with other guidelines, the KDIGO authors recommend that ARBs or ACE inhibitors be used as first-line antihypertensive medications in children with CKD (Table 4) . Additional evidence for this recommendation comes from cross-sectional studies from the CKiD trial and several small trials in children with CKD [16] . Analysis of baseline blood pressure of participants in the CKiD study showed higher use of ACE inhibitors and ARBs in children with controlled hypertension [2] . In addition, use of ACE inhibitors or ARBs was associated with lower baseline urine protein excretion in children with CKD owing to glomerular, but not hypodysplasia causes in the CKiD study [44] . The lack of effect of renin-angiotensin system blockers on CKD progression in children with hypodysplasia was also seen in a case-control study by the ItalKid Project [45] . In the ESCA PE trial, intensified blood pressure control did slow disease progression in children with hypodysplasia, but the study was not designed to attribute the outcomes to ACE inhibitor use specifically [4] . A small randomized double blind cross-over trial in children with proteinuric renal disease demonstrated a similar reduction in proteinuria with ACE inhibitor compared with ARB, a finding that has been confirmed with a more recent larger trial [46, 47] . Combined use of ACE inhibitors and ARBs has shown additional reduction in proteinuria with both agents in two small studies in children [48, 49] . The KDIGO authors caution that risks of renin-angiotensin system blockers include hypotension in susceptible individuals, hyperkalemia, acute kidney injury during dehydrating illness, and teratogenicity if pregnancy occurs [16] . They suggest an individualized approach, which is always a wise recommendation when dealing with a population with a wide age range and underlying disease of various etiologies.
Practical clinical management suggestions
Limited evidence and sometimes conflicting recommendations can leave practitioners at a loss of how to best manage their patients. Balancing the risk of providing yet another recommendation based on little evidence, I attempt to provide practical considerations. If a practitioner's medical center has, or can establish, an ABPM program, then routine ABPM every 6-12 months will likely provide them with a wealth of blood pressure information, including diagnosing masked hypertension and nocturnal blood pressure abnormalities. If ABPM is not available or between studies, proper clinic assessment of blood pressures will likely still be of benefit. There is no specific evidence to suggest a blood pressure threshold for initiation of antihypertensive medications, but consistent readings above the 90th percentile seem reasonable. Others may argue that if our treatment goal is lower, why wait? Treatment targets for blood pressures by auscultation have not been established, but aiming for values between the 50th and 75th percentile, as tolerated, would unlikely be disputed. At this time, best evidence suggests that the ABPM treatment target in lower-risk CKD patients should be the 75th percentile for MAP, but should be below the 50th percentile in higher risk patients, including those with proteinuria, rapid progression, lower GFR, and higher initial blood pressure. Most pediatric and adult evidence points to ACE inhibitors or ARBs as the best initial antihypertensive medication when tolerated. These suggestions will need reevaluation as newer evidence is discovered.
Benefits of guidelines
The ultimate goal of clinical practice guidelines is to consolidate evidence for management options to improve the care provided to patients by medical practitioners. Even in subspecialty pediatric medicine, physicians cannot be experts on all diseases within their scope of care. Effective guidelines are able to provide evidence-based recommendations where available to guide and potentially improve patient care. They can also reduce clinical practice variation among and within medical centers. Where strong evidence for a management option is lacking, the guideline can provide an expert opinion. In clinical practice when physicians encounter a situation where they need advice, they may ask their colleagues, post a query on a list-server, send an email to Bask an expert,^or similarly, search for a relevant clinical practice guideline.
Cautions with guidelines
There are limitations on the interpretation and use of clinical practice guidelines. The information included in the systematic review is up to date only to the time of publication and needs to be regularly reviewed and updated (Table 1) . A guideline published 10 years earlier may not still be applicable to current day practice. Discrepancies between guidelines can create confusion and inconsistent clinical care as practitioners try to decide which recommendation to follow. As highlighted by the Institute of Medicine criteria for trustworthy guidelines, the statements are intended for a specific clinical circumstance and therefore the practitioner must determine if they apply to the patient in front of them [10] . There is also concern when practice guidelines are published that hospital administrators might misinterpret the recommendations as clinical performance measures without paying attention to the strength, or lack, of evidence behind the statements.
One criticism of clinical practice guidelines is that recommendations are still made, even where quality of evidence is low. This must be balanced with providing too strict an evidence-based medicine evaluation that limits any meaningful guidance from being provided. The recent US Preventive Services Task Force (USPSTF) statement on screening asymptomatic children for primary hypertension to prevent future cardiovascular disease concluded that there was insufficient evidence to recommend routine blood pressure screening [50] . Unfortunately, this strict evidence-based analysis that concludes that there is a lack of large-scale, high-quality, longterm studies to demonstrate a benefit, has been misinterpreted to mean there is evidence for no benefit [51] . In contrast, based on evidence from shorter term studies and less severe outcomes (e.g., childhood left ventricular hypertrophy instead of adult cardiovascular disease), expert panels and professional organizations, including the American Academy of Pediatrics, European Society of Hypertension, and American Society of Pediatric Nephrology, recommend the benefits of measuring blood pressure in children to detect and treat identified hypertension [13, [52] [53] [54] . The decision to provide strict evidence-based recommendations or include suggestions based on expert opinion should be decided before the systematic review. Thus, while it is tempting to read only the bolded summary statements before making patient decisions, it is important to understand the work group's intended use of the clinical practice guideline, and the strength of the evidence behind the recommendations, so that the practitioner can make their own informed decision.
Future research recommendations
There is still a strong need for further research on blood pressure management in children with CKD. To start with, normative reference values for ABPM in populations that include various ethnicities are needed, although research is beginning in this area [55] . Very little is known about when to initiate antihypertensive medications. The only published trial on target blood pressure during treatment in children with CKD is the ESCAPE trial, which needs to be confirmed. A placebo controlled trial or non-ACE inhibitor arm study would be difficult to justify currently, but if research from observational trials or reviews of practice variation were to suggest opposing results, then there may be the potential of clinical equipoise to justify another trial. The pediatric nephrology community is learning the importance of cooperation when trying to answer some of these challenging questions, as the best answers come from well-designed multicenter, multi-national studies with the ultimate benefit for the children we care for.
Conclusion
Recommendations for blood pressure management in children with CKD can be found in various clinical practice guidelines, including the 4th Task Force Report, ESH pediatric recommendations, K/DOQI hypertension guideline, and the KDIGO blood pressure management guideline [12, 13, 15, 16] . As there are few studies in pediatric CKD to provide evidence for the recommendations, suggestions vary between guidelines on whether to use clinic blood pressure measurements or ABPM and what blood pressure goal to target with treatment. This highlights the importance for users of clinical practice guidelines to understand the strength of evidence upon which the recommendations are made. Good clinical practice guidelines can reduce practice variation and improve the care provided to patients. Statements based on expert opinion may still be of use to a practitioner who needs guidance, but also serve to define important areas for further research so that the next iteration of the guideline may be based on a stronger level of evidence.
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